Abstract. The effects of doping Mo in SrCoO 3-δ on the elastic and thermal properties have been studied at temperature 10K≤T≤1000K by using Modified Rigid Ion Model (MRIM). The model has been applied to describe the temperature dependence of specific heat and thermal expansion coefficient. Also, the calculated bulk modulus (B), Reststrahlen frequency (), cohesive energy (), Debye temperature ( D ) and Gruneisen parameter () are reported and discussed.
INTRODUCTION
The introduction of Mo as a substitution for Co in SrCoO 3−δ leads to a change from a hexagonal to a tetragonal perovskite structure at room temperature. The electrical conductivity is largely enhanced by the introduction of Mo at intermediate temperature due to the stabilization of the 3D-perovskite structure. However, the increase in Mo content decreases the total conductivity probably due to partial disruption of the electronic pathway. The use of these materials as cathodes in a solid-oxide fuel cell (SOFC) and as anodes in a solid oxide electrolyzer (SOE) have been evaluated [1] , showing low values of electrode polarization resistances in both configurations over the intermediate temperature range. The good performance of the SrCo 1-x Mo x O 3- compounds in both cathodic and anodic conditions makes this system a promising candidate for reversible oxygen electrodes in cells that could operate as both SOFC and SOE.
Recently we have successfully described the thermal properties of some perovskite manganites and other compounds over a fairly wide range of temperatures [2] [3] [4] by means of MRIM. Motivated by the unusual thermodynamic behavior and spin transitions of orthocobaltate, we have applied modified rigid ion model (MRIM) and successfully explored the specific heat (C), thermal expansion (), cohesive energy (), molecular force constatnt (f), Reststrahlen frequency (), Debye temperature ( D ) and Gruneisen parameter () of the SrCo 1-x Mo x O 3- perovskites. The study of the lattice thermal properties of these compounds may be taken as starting point for the consistent understanding of the more complex physical properties of the rare earth orthocobaltate. The essentials of the MRIM formalism and the results obtained from its application are discussed below.
MATHEMATICAL MODELING
The formalism of Modified Rigid Ion Model (MRIM) has been derived for the following effective interatomic potential [2] [3] [4] .
(1)
The symbols involved are in it are the same as those defined in our earlier papers [2] [3] [4] . Here, k (k') denotes the positive (negative) ions and the sum is taken over all the ions (k, k') and the β i kk′ is the Pauling coefficient [5] given by:
where Z k (Z k′ ) and N k (N k' ) are the valence and the number of electrons in the outermost orbit of the k (k′) ion, respectively. The contributions of van der Waals (vdW) attraction for the dipole-dipole interaction are determined by using Slater-Kirkwood Variational (SKV) method [6] .
Here e and m are the charge and mass of the electron,  k ( k′ ) is the polarizability of k (k') ion, N k (N k' ) are the effective number of electrons responsible for the polarization of k (k') ions, respectively. The model parameters, hardness (b) and range () are determined from the equilibrium condition:
and the bulk modulus,
where K is the crystal structure-dependent constant and r 0 is the equilibrium nearest neighbour distance. The model parameters (b and obtained from the Eqn. (4) and (5) 
And at very low temperature (T<  D / 50) the specific heat is calculated by using
here p is the number of atoms in one formula unit, N is the Avogadro number, k B the Boltzmann constant, R is the universal gas constant and θ D is Debye temperature. The cohesive energy for SrCo 1-x Mo x O 3- is calculated using equation (1) and other thermal properties such as the Debye temperature ( D ), Reststrahlen frequency (), molecular force constant (f), Gruneisen parameter (), and thermal expansion () are computed using the expression given in our earlier publication [2] [3] [4] . The results are thus obtained and discussed below.
RESULTS & DISCUSSION
To decipher the exotic properties of these technologically important materials, input data are taken from refs. [1] for the calculation of model parameters (b 1 ,  1 and b 2 ,  2 ), for the desired compositions (x) and listed them in Table  1 . As the cation radius decreases down the series, the tolerance factor
, where r Sr is the ionic radius of Sr site, r Co/Mo is the ionic radius of cobalt and molybdenum and r o in the ionic radius of oxygen, whose value for SrCoO 3-δ cubic structure is around 1, also reduces (Table 1) , so the structure progressively deviates from the cubic to the tetragonal form. From Table 1 , all compositions could form a stable perovskite structure, but the stability showed a trend to decrease slightly with increasing Mo doping. The cations-size disorder parameter ( 2 ) calculated on the lines of our previous work [2] [3] [4] is depicted in Table 1 . The thermal properties, such as cohesive energy (), molecular force constant (f), Debye temperature ( D ), Reststrahlen frequency () and Gruneisen parameter () have been calculated and their values are listed in Table 2 . Due to the lack of experimental and theoretical data, we could not compare them. On the basis of above discussion we have also calculated the specific heat for SrCo 1-x Mo x O 3- compounds over the temperature range 1K≤T≤300K and the results are displayed in Fig. 1(a) . From Fig. 1(a) it is clear that the nature of graph satisfies the well known relation C=3R at higher temperature. The nature of specific heat curve in this work is found to be similar to other available results. The conclusion is supported by thermal expansion as depicted in Fig. 1 We have found that in B-site doped oxygen deficient cobaltates, the Debye temperature ( D ) decreases with increasing level of doping (x) in SrCo 1-x Mo x O 3- . The specific heat correspondingly increases with increasing doping levels. The decrease in  D indicates that an anomalous softening of the lattice or increase in T 3 -term in specific heat occurs with the increase of doping. Our results are probably, the first reports of lattice specific heat at these temperatures and compositions.
